INTRODUCTION
============

Hypertension is common and, is increasing in prevalence and is an important risk factor for cardiovascular disease \[[@b1-kjim-2016-161],[@b2-kjim-2016-161]\]. Previous epidemiological studies have demonstrated a strong relationship between blood pressure (BP) and coronary artery disease, stroke, heart failure, renal failure, and death, making correct management of BP essential \[[@b3-kjim-2016-161],[@b4-kjim-2016-161]\]. Therefore, a reliable assessment of BP is central to optimal hypertension treatment. Manual BP measurement is the most widely used method of measuring BP in the clinic \[[@b5-kjim-2016-161]\]. However, measuring BP according to the best practice guidelines can be challenging due to the complexity of the measuring technique and the circumstances in the outpatient clinic \[[@b6-kjim-2016-161]\]. In addition, masked and nocturnal hypertension, as well as the white coat phenomenon can limit the use of the office blood pressure (OBP) measurement \[[@b7-kjim-2016-161],[@b8-kjim-2016-161]\]. Consequently, there may be differences between OBP and ambulatory blood pressure (ABP) measurement \[[@b9-kjim-2016-161],[@b10-kjim-2016-161]\]. Thus, recent guidelines recommend the implementation of ABP in clinical practice \[[@b7-kjim-2016-161],[@b11-kjim-2016-161]-[@b15-kjim-2016-161]\]. However, there have been few studies on the relationship between OBP and ABP in Korean populations \[[@b16-kjim-2016-161],[@b17-kjim-2016-161]\].

In the present study, we evaluated the diagnostic accuracy of manual OBP in reference to ABP in both prospective and retrospective cohorts of ambulatory hypertensive patients.

METHODS
=======

In the retrospective cohort, we examined all ambulatory patients who underwent both manual OBP and ABP measurements from January to December 2013. In the prospective cohort, we consecutively enrolled patients who were on treatment for, or newly diagnosed with, hypertension in the outpatient clinic from January through May 2014. The study was approved by the Institutional Review Board of Seoul National University Bundang Hospital (IRB No: B-1308/216-004). The patients in the prospective cohort provided written informed consent, while the requirement for informed consent was waived for patients in the retrospective cohort by the Institutional Review Board. Hypertension was defined as systolic OBP ≥ 140 mmHg and/or diastolic OBP ≥ 90 mmHg and 24-hour average systolic ABP ≥ 130 mmHg and/or diastolic ABP ≥ 80 mmHg, according to the current hypertension guidelines \[[@b4-kjim-2016-161],[@b18-kjim-2016-161],[@b19-kjim-2016-161]\]. Agreement between OBP and ABP was defined as concordance, and disagreement as discordance. White-coat hypertension was defined as untreated patients with OBP ≥ 140/90 mmHg and 24-hour average ABP \< 130/80 mmHg and awake average ABP \< 135/85 mmHg and sleep measurement \< 120/70 mmHg. Over-treated hypertension was defined as patients undergoing hypertension treatment despite exhibiting BP levels above the normal range in a clinical setting (patient's OBP was \> 140/90 mmHg), but not in other settings (patient's ABP was in the normal range). Masked hypertension was defined as untreated patients with OBP \< 140/90 mmHg and 24-hour average ABP ≥ 130/80 mmHg and an awake average ABP ≥ 135/85 mmHg and sleep measurement ≥ 120/70 mmHg. Under-treated hypertension was defined as the treatment of patients with hypertension despite exhibiting normal BP level in a clinical setting (patient's OBP was \< 140/90 mmHg), but exhibit above the normal range during daily living (patient's ABP was above the normal range). OBP1 and OBP2 were defined as BP measured before and after ABP measurement, respectively. Data regarding variables including baseline characteristics, medical history, and medication were obtained.

The primary endpoint of this study was the diagnostic accuracy of OBP1 in reference to ABP as the reference method for measuring BP. OBP was measured with a mercury sphygmomanometer (Baumanometer Desk model, W.A. Baum Co. Inc., Copiague, NY, USA) after the patients had rested for at least 5 minutes in a sitting position. ABP monitoring was performed according to the European Society of Hypertension recommendations \[[@b20-kjim-2016-161]\]. We used ABP monitors from two manufacturers (DELMAR-P6, Del Mar Reynolds Medical, Hertford, UK; Mobil-O-Graph NG, I.E.M, Stolberg, Germany). Each BP measurement was performed every 30 minutes during the day and every 60 minutes at night.

Data were expressed as the mean ± SD for continuous variables and as percentages for categorical variables. Pearson correlation was used to calculate the association between OBP and ABP. A paired *t* test was used to analyze the difference between OBP1 and OBP2. Receiver operating characteristic (ROC) curve analysis was used to determine the diagnostic power of OBP1 and OBP2. Two-sided *p* values less than 0.05 were considered statistically significant. Statistical tests were performed using SPSS version 22 (IBM Co., Armonk, NY, USA) and Matlab (Mathworks Inc., Natick, MA, USA).

RESULTS
=======

In the retrospective cohort, 903 patients had both OBP and ABP measurements. Among these, 565 patients (62.6%) were newly diagnosed with hypertension (newly diagnosed group), whereas 338 patients (37.4%) were previously on hypertensive medication (on-treatment group). Patients in the on-treatment group were older (62.3 ± 12.4 years vs. 56.7 ± 14.6 years, *p* \< 0.001) and were more likely to have diabetes mellitus (21% vs. 11.5%, *p* \< 0.001) and coronary artery disease (39.1% vs. 16.5%, *p* \< 0.001) than those in the newly diagnosed group. OBP1 was higher than ABP for both systolic (138.4 ± 17.8 mmHg vs. 123.0 ± 12.8 mmHg, *p* \< 0.001) and diastolic (83.7 ± 11.8 mmHg vs. 77.7 ± 10.5 mmHg, *p* \< 0.001) measurements. The most commonly prescribed anti-hypertensive agents were calcium-channel blocking agents (23.9%), followed by angiotensin-receptor blockers (16.5%) and β-blockers (15.0%) ([Table 1](#t1-kjim-2016-161){ref-type="table"}).

In the on-treatment group, OBP1 was higher than OBP2 in both systolic (138.6 ± 18.6 mmHg vs. 134.4 ± 16.6 mmHg, *p* \< 0.001) and diastolic (83.0 ± 11.4 mmHg vs. 80.7 ± 10.9 mmHg, *p* \< 0.001) measurements. In 41.7% of patients, the hypertensive medication was changed between OBP1 and OBP2, and as expected, OBP2 was lower than OBP1 in these patients. Interestingly, in patients without medication changes (58.3%), OBP2 was also lower than was OBP1. In the newly diagnosed group, 38.8% of patients started taking hypertensive medication between OBP1 and OBP2. Similar to patients in the on-treatment group, OBP2 was lower than OBP1 in both patients with and without new hypertensive medication ([Table 2](#t2-kjim-2016-161){ref-type="table"}).

The overall discordance rate was 43.9%, 43.5%, and 44.5% in all, newly diagnosed and on-treatment patients, respectively. In the newly diagnosed group, the rate of white coat hypertension was 20.1%, while that of masked hypertension was 23.4%. In the on-treatment group, the rate of over-treatment was 24.9%, while that of under-treatment was 19.6% ([Fig. 1](#f1-kjim-2016-161){ref-type="fig"}). The correlation was weak between systolic OBP1 and ABP (*r*^2^ = 0.038, *p* \< 0.001) and systolic OBP2 and ABP (*r*^2^ = 0.079, *p* \< 0.001). In identifying hypertension, the area under the curves (AUCs) of OBP1 and OBP2 were 0.57 (95% confidence interval \[CI\], 0.53 to 0.60) and 0.64 (95% CI, 0.60 to 0.68), respectively ([Fig. 2](#f2-kjim-2016-161){ref-type="fig"}). The overall diagnostic accuracy of OBP1 was 56.1%, with a sensitivity of 51.1% and a specificity of 60.2%, and that of OBP2 was 62.7%, with a sensitivity of 47.4% and a specificity of 75% ([Table 3](#t3-kjim-2016-161){ref-type="table"}).

A total of 57 patients were included in the prospective cohort: 43 patients (75%) were in the on-treatment group and 14 patients (24.5%) were in the newly diagnosed group. The baseline characteristics were comparable between both groups ([Table 1](#t1-kjim-2016-161){ref-type="table"}). The correlation between OBP1 and OBP2 was similar to that of the retrospective cohort. The overall systolic (141.3 ± 21.2 vs. 135.3 ± 18.4, *p* = 0.073) and diastolic (82.0 ± 12.2 vs. 79.5 ± 13.1, *p* = 0.053) OBP1 tended to be higher than did OBP2 ([Table 2](#t2-kjim-2016-161){ref-type="table"}). The correlation between OBP1 and ABP (*r*^2^ = 0.046, *p* = 0.108) was weak. The discordance rate between OBP1 and ABP was 68.4%, of which 43.8% were false positive and 24.6% were false negative results. In identifying hypertension, the AUCs of OBP1 and OBP2 were 0.51 (95% CI, 0.36 to 0.67; *p* = 0.88) and 0.67 (95% CI, 0.53 to 0.81; *p* = 0.03), respectively.

When stratifying according to sex, the proportion of false negative results (i.e., masked and under-treated hypertension) was higher in men than in women (26.1% vs. 17.8%, *p* = 0.003), whereas that of false positive results (i.e., white-coat or over-treated hypertension) was higher in female than in male patients (28.7% vs. 15.2%, *p* \< 0.001) ([Fig. 3](#f3-kjim-2016-161){ref-type="fig"}).

DISCUSSION
==========

In this study, we evaluated the diagnostic accuracy of manual OBP measurements in reference to ABP in ambulatory hypertensive patients. We showed that there is only a weak correlation between OBP and ABP, and that OBP has a low diagnostic accuracy. We also showed that OBP2 was lower than OBP1 regardless of medication use, and that male patients were prone to masked hypertension, whereas female patients were susceptible to white coat hypertension.

The most important finding was the low diagnostic accuracy of OBP in identifying hypertension in ambulatory patients. With regard to ABP as a reference in BP measuring methods, hypertension diagnosed using OBP1 was incorrect in almost half of the patients (discordance rate, 43.9%). Moreover, OBP1 had a low AUC of 0.57 (95% CI, 0.53 to 0.60), thereby suggesting that OBP may have limited value in accurately diagnosing hypertension and reliable treatment monitoring \[[@b21-kjim-2016-161]-[@b23-kjim-2016-161]\]. We observed similar results in the prospective cohorts. Therefore, we believe that this finding represents true practice and strengthens our study results. A possible explanation for the low diagnostic accuracy of OBP may be the complexity of the measuring technique and variations in BP due to underlying circumstances in the outpatient clinic \[[@b6-kjim-2016-161]\].

Another interesting finding was that OBP2 was lower than OBP1 in all circumstances. Furthermore, OBP2 had a slightly higher AUC 0.64 (95% CI, 0.60 to 0.67) and better correlation with ABP (*r*^2^ = 0.079, *p* \< 0.001) than did OBP1. By definition, OBP2 for all patients was measured after ABP and physicians were aware of ABP results. Therefore, it is possible that the physician's manual BP measurement was influenced by the ABP results. The physician may take BP values that are closer to ABP results, which is a potential bias in manual OBP measurement.

The rate of false negative results (i.e., masked or under-treated hypertension) was 21.9% in this study. It was higher in men (26.1%) than in women (17.8%) \[[@b24-kjim-2016-161],[@b25-kjim-2016-161]\]. Masked and under-treated hypertension are both clinical conditions in which the patient receives suboptimal treatment and, consequently, has an increased risk for cardiovascular complications \[[@b26-kjim-2016-161]\]. In contrast, female patients had higher false positive results (i.e., white-coat or over-treated hypertension) \[[@b24-kjim-2016-161]\]. The reason for this sex difference in susceptibility to false positive and negative results is presently unclear.

The high discordance rate has an essential impact on health care policy. Patients with false positive results take unnecessary antihypertensive drugs, not only causing financial burden, but also exposing patients to the risk of hypotension. Similarly, false negative results are a potential risk for increased cardiovascular events. The manual BP measurement is the most widely used BP measuring method in daily practice \[[@b5-kjim-2016-161]\]; however, our current finding encourages the use of ABP for diagnosis and treatment monitoring in ambulatory hypertensive patients. Although we showed that the discordance rate in both retrospective and prospective cohorts is high, we did not provide data on clinical outcome. While ABP and cardiovascular events have been highly correlated \[[@b25-kjim-2016-161],[@b27-kjim-2016-161]\], and ABP has been shown to predict cardiovascular outcomes better than does OBP in high-risk patients with type 2 diabetes mellitus \[[@b28-kjim-2016-161]\], it is unknown whether patients with OBP-guided hypertension treatment have worse outcomes than do those with ABP-guided management. Since patients were enrolled at a tertiary referral center, it is unknown whether the study results can be directly extrapolated to all patients, especially to those treated in the primary care setting. Finally, there was a significant difference in time interval between OBP1 and ABP versus ABP and OBP2 (49.2 ± 87.0 days vs. 10.0 ± 10.6 days, *p* = 0.001). This may partly account for the higher AUC of OBP2 compared with OBP1, regardless of the medication change.

KEY MESSAGE
===========

1\. There is only a weak correlation between office blood pressure (OBP) and ambulatory blood pressure (ABP) (*r*^2^ = 0.038, *p* \< 0.001). The overall discordance rate of OBP compared with ABP, the reference methods for measuring blood pressure, was 43.9%, while manual OBP has a low diagnostic accuracy of 56%.

2\. In subgroup analysis, male patients were prone to masked hypertension, whereas female patients were susceptible to white coat hypertension.

3\. Our findings encourage the use of ABP for diagnosis and treatment monitoring of ambulatory hypertensive patients.
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###### 

Baseline characteristics of retrospective and prospective cohorts

  Characteristic                                                  Retrospective cohort   Prospective cohort                                                                          
  --------------------------------------------------------------- ---------------------- -------------------- -------------- ---------- -------------- -------------- -------------- -------
  Age                                                             58.8 ± 14.1            62.3 ± 12.4          56.7 ± 14.6    \< 0.001   58.6 ± 15.2    60.3 ± 15.3    53.5 ± 14.2    0.137
  Male sex                                                        50.2                   50.3                 50.1           0.999      49.1           48.8           50             0.999
  Diabetes mellitus                                               15.1                   21                   11.5           \< 0.001   15.8           20.9           0              0.095
  Coronary artery disease                                         24.9                   39.1                 16.5           \< 0.001   22.8           27.9           7.1            0.152
  Cerebrovascular disease                                         6.4                    7.1                  6.0            0.305      5.3            7.0            0              0.568
  OBP1^[b](#tfn2-kjim-2016-161){ref-type="table-fn"}^ SBP, mmHg   138.4 ± 17.8           138.6 ± 18.5         138.3 ± 17.4   0.839      141.3 ± 21.2   139.4 ± 21.4   147.1 ± 20.1   0.233
  OBP1^[b](#tfn2-kjim-2016-161){ref-type="table-fn"}^ DBP, mmHg   83.7 ± 11.8            83.0 ± 11.4          84.1 ± 12.0    0.173      82.0 ± 12.2    79.4 ± 10.3    90.2 ± 14.2    0.017
  ABP mean SBP, mmHg                                              123.0 ± 12.8           120.8 ± 12.5         124.3 ± 12.8   \< 0.001   125.0 ± 14.0   122.7 ± 13.3   132.2 ± 14.1   0.039
  ABP mean DBP, mmHg                                              77.7 ± 10.5            75.4 ± 9.6           79.1 ± 10.8    \< 0.001   80.6 ± 11.7    77.6 ± 9.5     88.7 ± 13.6    0.007
  OBP2^[b](#tfn2-kjim-2016-161){ref-type="table-fn"}^ SBP, mmHg   134.3 ± 16.5           133.4 ± 16.6         134.9 ± 16.5   0.213      135.3 ± 18.4   133.0 ± 18.9   143.0 ± 14.9   0.060
  OBP2^[b](#tfn2-kjim-2016-161){ref-type="table-fn"}^ DBP, mmHg   82.0 ± 11.2            80.7 ± 10.9          82.8 ± 11.3    0.006      79.5 ± 13.1    76.1 ± 11.5    90.8 ± 12.1    0.001
  Medication                                                                                                                                                                         
   ACEI                                                           2.3                    6.2                  \-             \-         1.8            6.2            \-             \-
   ARB                                                            16.5                   44.1                 \-             \-         45.6           44.1           \-             \-
   β-Blocker                                                      15.0                   39.9                 \-             \-         26.3           39.9           \-             \-
   CCB                                                            23.9                   63.9                 \-             \-         56.1           63.9           \-             \-
   Diuretics                                                      6.9                    18.3                 \-             \-         7              18.3           \-             \-

Values are presented as mean ± SD or percentage.

OBP, office blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; ABP, ambulatory blood pressure; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker.

*p* values for association between patients in on treatment group and newly diagnosed group.

OBP1 and OBP2 defined as OBP measured before and after ABP measurement.

###### 

The correlation of OBP1 and OBP2 in retrospective and prospective cohorts

  Variable                           SBP            DBP                                                   
  ---------------------------------- -------------- -------------- ---------- ------------- ------------- ----------
  Retrospective cohort                                                                                    
   Whole patients                    138.5 ± 17.9   134.4 ± 16.6   \< 0.001   83.7 ± 11.9   82.1 ± 11.2   \< 0.001
   On-treatment group (n = 338)                                                                           
    Medication change (41.7%)        139.5 ± 20.9   133.9 ± 17.2   0.001      84.2 ± 12.8   81.5 ± 11.9   0.007
    No medication change (58.3%)     137.9 ± 16.6   133.1 ± 16.3   \< 0.001   82.1 ± 10.2   81.5 ± 10.1   0.004
   Newly diagnosed group (n = 565)                                                                        
    Medication start (38.8%)         142.0 ± 17.4   138.9 ± 15.8   0.003      86.9 ± 12.1   85.5 ± 11.6   0.030
    Not on medication (61.2%)        136.1 ± 17.2   132.4 ± 16.5   \< 0.001   82.3 ± 11.7   81.2 ± 10.9   0.037
  Prospective cohort                                                                                      
   Whole patients                    141.3 ± 21.2   136.1 ± 19.2   0.073      82.1 ± 12.3   79.5 ± 13.0   0.053
   On-treatment group (n = 43)                                                                            
    Medication change (39.5%)        136.5 ± 26.8   139.0 ± 20.9   0.605      78.0 ± 13.3   78.3 ± 13.8   0.874
    No medication change (60.5%)     141.3 ± 17.5   129.2 ± 16.8   0.006      80.3 ± 8.1    74.6 ± 9.8    \< 0.001
   Newly diagnosed group (n = 14)                                                                         
    Medication start (64%)           148.8 ± 9.3    143.2 ± 12.2   0.205      90.3 ± 10.2   89.9 ± 9.6    0.883
    Not on medication (36%)          144.0 ± 33.6   150.0 ± 25.5   0.710      90.0 ± 21.3   90.4 ± 16.8   0.969

Values are presented as mean ± SD.

OBP, office blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure.

OBP1 and OBP2 defined as OBP measured before and after ambulatory blood pressure measurement.

*p* values for paired t test between OBP1 and OBP2.

###### 

The diagnostic accuracy of office blood pressure

                                                        Sensitivity, %   Specificity, %   PPV, %   NPV, %   PLR    NLR    Overall accuracy, %
  ----------------------------------------------------- ---------------- ---------------- -------- -------- ------ ------ ---------------------
  OBP1^[a](#tfn5-kjim-2016-161){ref-type="table-fn"}^   51.1             60.2             51.1     60.2     1.29   0.81   56.1
  OBP2^[a](#tfn5-kjim-2016-161){ref-type="table-fn"}^   47.4             75               60.7     63.6     1.9    0.7    62.7

PPV, positive predictive value; NPV, negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio; OBP, office blood pressure.

OBP1 and OBP2 defined as OBP measured before and after ambulatory blood pressure measurement.
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